Objective: To evaluate the diagnostic performance of magnetic resonance imaging (MRI) in the pretreatment evaluation of invasive cervical cancer especially for the parametrial invasion and lymph node (LN) involvement. Methods: We retrospectively recruited consecutive patients with biopsy-confirmed cervical cancer who had undergone preoperative MRI and were scheduled for surgery based on clinical assessment between January 2004 and May 2006. We evaluated the diagnostic performance of MRI for the parametrial invasion and LN involvement using surgicopathologic findings as the reference standard. Results: A total of 119 eligible patients completed preoperative and intra-operative survey, of whom 34 (28.6%) had pelvic LN metastasis and four (3.4%) had para-aortic LN metastasis histologically. The sensitivity, specificity and accuracy of MRI in detecting LN involvement by region-specific analysis were 40.5, 91.3 and 86.8% respectively. The sensitivity, specificity and accuracy of MRI in detecting parametrial invasion were 44.4, 89.1 and 88.3% respectively. The positive predictive value (PPV) of preoperative MRI for detecting region-specific LN involvement and parametrial invasion was 31.3 and 61.2%, respectively. Imaging findings of suspected parametrial invasion were not to influence the treatment decision in the study. Conclusion: Preoperative MRI showed low PPV for detecting LN involvement and parametrial invasion in cervical cancer. Further studies are necessary to determine the costeffectiveness of using MRI in place of conventional clinical staging tests according to clinical indication and also its use in comparison with that of integrated positron emission tomography/computed tomography.
INTRODUCTION
Carcinoma of the uterine cervix is the second most frequently diagnosed malignancy in women worldwide and is the only major gynecologic malignancy that is staged clinically according to International Federation of Obstetrics and Gynecology (FIGO) recommendations (1) . Compared with surgical staging, FIGO clinical staging has been shown to result in understaging of up to 20 -30% in stage IB, up to 23% in stage IIB and almost 40% in stage IIIB, as well as overstaging of approximately 64% in stage IIIB (2 -5) .
Subsequent surgical staging shows that clinical staging of cervical carcinomas is accurate in only approximately 60% of patients and undiagnosed lymph node (LN) metastases are a major problem (6 -8) .
Early stage cervical cancer can be cured at an average rate of 80% with either radical surgery or definitive radiation. LN metastasis is the most important prognostic factor in early stage cervical cancer (9 -12) . Accurate cervical cancer staging is thus crucial for appropriate treatment selection and treatment planning. For this reason, inaccurate assessment of LN involvement can lead to suboptimal treatment (4,5,13 -16) .
The greatest difficulties in the clinical evaluation of patients with cervical cancer are the assessment of parametrial and pelvic sidewall invasion, and the evaluation of LN and distant metastases. Modern cross-sectional imaging, which can assist in the evaluation of these prognostic factors, has become an important adjunct to the clinical assessment of cervical cancer (17 -20) . Magnetic resonance imaging (MRI) has been used to assess para-aortic and pelvic LNs in patients with cervical carcinoma. MRI is superior to computed tomography (CT) in defining tumor volume and depth of stromal invasion, parametrial invasion, and relies on size and morphologic criteria to recognize LN metastasis, but small metastatic LNs are mostly undetected (21 -23) .
The aim of this study was to evaluate the diagnostic performance of MRI in the pretreatment evaluation of invasive cervical cancer especially for the parametrial invasion and LN involvement, using surgicopathological findings as the reference standard.
PATIENTS AND METHODS

PATIENTS
For this retrospective study, consecutive patients with biopsy-confirmed cervical cancer who were scheduled for surgery based on clinical assessment were recruited between January 2004 and May 2006. Eligible patients were cervical cancer patients scheduled to receive type II or III radical hysterectomy (RH) and pelvic lymphadenectomy (PLND) as the primary treatment and had to meet the following eligibility criteria: (i) histologically confirmed invasive carcinoma of the uterine cervix; (ii) FIGO stage IA, IB, IIA or IIB disease (24) ; (iii) histology of squamous cell carcinoma or adenocarcinoma or adenosquamous carcinoma or other than small cell carcinoma; (iv) no medical or surgical contra-indications to RH -PLND; (v) had no contraindications to MRI; (vi) had no evidence of distant metastases; (vii) had an Eastern Cooperative Oncology Group (ECOG) performance status of 0 -1; and (viii) written informed consent. The median interval between MRI study and surgery was 7 days (range 3 -20) .
Patients with any of the following conditions were excluded: (i) histology of small cell carcinoma; (ii) histologically proven metastasis to para-aortic LN (PALN) (24); (iii) ever received radiotherapy and/or chemotherapy for cervical cancer; (iv) contra-indication to the MRI procedure; (v) a previous diagnosis of cancer other than non-melanoma skin cancer; and (vi) concomitant pregnancy. Informed consent was obtained from all patients before surgery, and the study was approved by the Institutional Review Board of the Seoul National University Hospital.
CONVENTIONAL STAGING WORKUP
After histological confirmation of invasive cervical carcinoma, FIGO staging was determined on clinical data: findings from physical examination including bimanual pelvic examination, radiologic studies (chest radiography, intravenous pyelogram, barium enema), and endoscopic studies (cystoscopy, sigmoidoscopy).
MRI SCANNING
MRI was performed using a Signa 1.5-T system (General Electric Medical Systems, Milwaukee, WI) with a pelvic array coil for pelvic scans and a torso phase-array coil for para-aortic scans. Magnetic resonance scans were obtained between 3 and 20 days (median, 7 days) before surgery. Scans were obtained by using the following parameters: for the pelvic region, an axial T1-weighted, fast spin-echo sequence (TR/TE, 600/10 ms; slice thickness, 5 mm; interslice gap, 2 mm; field of view, 24 cm Â 24 cm; matrix, 256 Â 192; echo train length, 4; three signals acquired; no fat saturation; bandwidth, 31.25 kHz); an axial T2-weighted, fast spin-echo sequence (TR/TE, 5000/68 ms; slice thickness, 3 mm; interslice gap, 1 mm; field of view, 24 cm Â 24 cm, matrix, 256 Â 192; echo train length, 21; four signals acquired; no fat saturation; bandwidth, 31.25 kHz); and a sagittal T2-weighted, fast spin-echo sequence (TR/TE, 5000/ 68 ms; slice thickness, 3 mm; interslice gap, 3 mm; field of view, 24 cm Â 24 cm; matrix, 256 Â 192; echo train length, 26; four signals acquired; no fat saturation; bandwidth, 31.25 kHz); and, for the para-aortic region, an axial T2-weighted, fast spin-echo sequence with 16 s of breath holding (TR/TE, 2000/68 ms; slice thickness, 8 mm; interslice gap 2 mm; field of view, 32 cm Â 24 cm; matrix, 256 Â 160; echo train length, 20; one signal acquired; no fat saturation; bandwidth, 31 kHz).
CLASSIFICATION OF LYMPH NODE REGIONS
Para-aortic and pelvic LNs were classified into seven groups according to the nearest, largest artery: the para-aortic area (including right and left PALNs), both common iliac areas, both external iliac areas and both internal iliac/obturator areas (Fig. 1) .
SURGICAL TECHNIQUE
All patients received preoperative bowel preparation for 2 days, received prophylactic antibiotics and underwent surgery with the same instruments and techniques. Five gynecologic surgeons performed all operations. The surgeons were aware of MRI and LN findings prior to lymphadenectomy.
For all the patients, pelvic lymphadenectomy was performed systematically with dissection of all LN groups. All harvested LNs were grouped according to the name of the adjacent vessel (both common iliac arteries, both external iliac arteries, and both internal iliac and obturator arteries). For discrimination of the external iliac LN group from the internal/obturator LN group, we classified the LNs that were located parallel or anterior to the external iliac artery as the Jpn J Clin Oncol 2007;37 (5) 371 external iliac LN group, and the LNs that were located posterior to the external iliac artery and near the internal iliac or obturator artery were classified as the internal iliac/obturator LN group. The margin of LN dissection was demarcated by using surgical endoclips and this margin was confirmed by abdominal X-ray after surgery.
IMAGE ANALYSIS
Two experienced radiologists blinded to the results of surgery scored the MRI images by consensus. The result of a lesion observed by MRI was considered positive when a pelvic or para-aortic LN with a short-axis dimension !1 cm. MRI images were examined from the picture archiving and communication system (PACS). Any LN of 1 cm or a little less in length, giving an overall equivocal impression, was considered negative in the study. Complete disruption of the cervical stromal ring with nodular or irregular tumor signal intensity extending into the parametrium was considered as parametrial invasion on T2-weighted images.
HISTOPATHOLOGIC EVALUATION
Histopathologic evaluation of parametrium and LNs were the gold standard for diagnosis. Thin sections were stained with hematoxylin and eosin and were examined microscopically by an experienced pathologist. Each LN was sliced at 3-mm intervals perpendicular to the greatest dimension to maximize the likelihood of detecting microscopic metastases.
DATA ANALYSIS
The primary aim of the protocol was to use the pooled data across sites to compare MRI and clinical FIGO staging on the basis of diagnostic performance as measured by sensitivity, specificity, positive predictive value (PPV), negative predictive value (NPV) and accuracy. We performed both region-specific analysis and patient-based analysis.
RESULTS
PATIENT CHARACTERISTICS
A total of 157 patients were registered initially. Ten patients were not eligible because they opted for radiation therapy as definitive treatment. Twenty-eight patients were also ineligible as advanced lesions were found during subsequent evaluation such as supraclavicular LN metastasis. The remaining 119 eligible patients completed preoperative and intra-operative survey. Patient characteristics of the eligible patients are listed in Table 1 .
DETECTION OF LYMPH NODE INVOLVEMENT
Of the 119 patients, 34 (28.6%) patients had pelvic LN metastasis and four (3.4%) patients had PALN metastasis histologically. We evaluated the LN status of preoperative MRI and histological results according to the classification of Fig. 1 , and seven regions were compared for each patient.
The MRI scan and histologic results of patients with metastatic LNs are listed in Tables 2 and 3 enlist the accuracies of preoperative MRI according to region-specific analysis and patient-based analysis. For preoperative LN staging, sensitivity of MRI was 40.5% (region-specific analysis) and 70.6% (patient-based analysis) respectively (Table 4) . MRI produced 66 false-positive interpretations in region-specific analysis, resulting in 91.3% specificity (693 of 759 lymph node regions). The specificity, NPV and accuracy for detecting metastatic LNs with MRI in region-specific analysis were superior to those of patient-based analysis in the study. 
372
Preoperative MRI in early cervical cancer
DETECTION OF PARAMETRIUM INVASION
In the current study, 18 (15.1%) patients had parametrial invasion of cervical cancer. The sensitivity and NPV of MRI in the evaluation of parametrial invasion were 100% and the accuracy was 90.8% (Table 3) . However, MRI considerably overestimated the parametrial invasion (PPV 62.1%).
Although the specificity and NPV of clinical staging by pelvic examination were almost the same as those of MRI, the sensitivity (44.4%) and PPV (42.1%) were inferior to those of MRI.
DISCUSSION
The purpose of this study was to evaluate the diagnostic performance of MRI in the pretreatment evaluation of invasive cervical cancer especially for the LN involvement and parametrial invasion, using surgicopathological findings as the reference standard. Preoperative MRI showed low PPV for detecting LN involvement and parametrial invasion in cervical cancer in the study. The presence of metastatic LNs radically modifies the treatment plan and prognosis of patients with cervical cancer (4, 5, 15, 16) . In patients with locally advanced cervical cancer who were staged surgically, the 5-year survival rate with positive LNs is inferior to that with negative LNs (25) , although the LN status is not considered in nor alters the FIGO staging (26) . The diagnostic efficacy of MRI in pelvic and para-aortic LN assessment is controversial. The clinical value of LN detection depends on the detection rate and NPV of negative LNs. Reinhardt et al. (27) reported a prospective surgicopathological study of patients with cervical cancer who underwent RH -PLND and had a preoperative MRI scan. The sensitivity was 73% on a patient-based analysis and the PPV was 64% on a region-specific analysis. Although the sensitivity was similar, the PPV in the current study was inferior to the results of other studies.
Imaging findings of suspected parametrial invasion did not influence the treatment decision in the study. Actually, all the patients with suspected parametrial invasion on MRI underwent RH and PLND in the study. Although sensitivity and NPV was excellent, the PPV of parametrial invasion was 62.1% in the study and there was 37.9% of overestimation. However, the physicians in the study depended more on pelvic examination than on the MRI finding regarding parametrial invasion, although the sensitivity and PPV of parametrial evaluation by pelvic examination were inferior to those by MRI.
We performed sagittal images in the equilibrium phase to obtain optimal visualization of contrast images. However, we produced only T2-weighted scans in axial sequence to the pelvis. The cross-correlation between sagittal and oblique planes is very useful for the evaluation of the parametrial invasion especially in the T2-weighted axial oblique sequence (perpendicular to the long axis of the uterus). It is Jpn J Clin Oncol 2007;37(5) 373 probable that the low PPV and the tendency of overestimation in this study may be caused by partial volume effect, which is induced by an inappropriate slice angle. The conventional diagnostic FIGO-recommended tests were used at high rates in the current study. Physicians performed MRI in addition to all the clinical staging tests recommended by FIGO. The high rates of usage are inconsistent with the data presented by other investigators (20, 24) , who reported that the use of conventional clinical staging tests had been declining and these tests were being replaced by single comprehensive morphologic imaging modalities such as MRI or CT. Moreover, there are controversies regarding the value of positron emission tomography (PET) in preoperative staging of patients with cervical cancer (28, 29) . Considering the current FIGO clinical staging system of cervical cancer, anatomical information rather than metabolic information would be more important in clinical decision. In the current study, clinicians used MRI as an adjunct tool for determining surgical extent. In terms of costeffectiveness, it may not be the optimal tool and further study may be necessary.
Size criteria may predict the likelihood of LN metastasis, using a threshold value above which the node is considered metastatic. The most widely used threshold value for identifying metastatic LNs is 10 mm short-axis diameter (27, 30, 31) . However, some LNs smaller than the threshold may harbor metastatic tumors, whereas some LNs larger than this value may be benign. In a recent study, nanoparticle-enhanced MRI was performed before and after the use of ultra-small particles of iron oxide before lymphadenectomy (32) . On a region-specific analysis, the sensitivity of detecting LN metastasis was significantly better using ultra-small particles of iron oxide compared with conventional size criteria. It might be possible to postulate tumor involvement in LNs preoperatively more accurately. However, micrometastases are also likely to remain a challenge because of the special resolution of the MRI.
In conclusion, although preoperative MRI is widely used for substituting conventional staging tests, its accuracy especially in PPVs for detecting LN involvement and parametrial invasion is limited. Further studies are necessary to determine the cost-effectiveness of using MRI in place of conventional clinical staging tests according to clinical indication and also its use in comparison with that of integrated PET/CT.
